UK Patent Application o=.GB „„ 2 068 639 A 



(21) Application No 8102425 

(22) Date of filing 27 Jan 1981 

(30) Priority data 

(31) 55/012857 

(32) 5 1980 

(33) Japan (JP) 

(43) Application published 
12 Aug 1981 

(51) HtfTCL* 
H01L27/04 
G11C 11/40 

(52) Domestic classification 
H1K11A311C1A11C1B 
11C411D1CA1FE4C11 
4C149R2GX 
IOT2B72T3FMX 

(56) Documents cited 



(58) Held of search 
H1K 

(71) Applicants 
Nippon Telegraph & 
Telephone Public 
Corporation, 
l-CUchisahwai-cho 
1-chome, 
Chiyoda-ku, 
Tokyo, 

Japan. 

(72) Inventors 
TakasMWatanabe, 
TsuneoMano, 
Junfehilnoue. 

(74) Agents 

Mathisen^ Macara & Co., 
Lyon House, 
Lyon Road, 



(54) SemiconduGtornneinory device 

(57) A semiconductor memory Is pro- 
vided with an on-chip circuit 7 for 
supplying a stepped-up voltage to the 
plate 3 of an MIS storage capacitor. The 
memory comprises an array of one- 
transistorpne-capacitor dynamic RAM 
cells and the provision of a higher 
capacitor plate voltage permits a reduc- 
tion in capacitor area, and hence an 
increase in packing density, while main- 
taining sufficient charge storage 
capadty. 

The voltage generator comprises a 
pair of transistors 02, Q3 and a capaci- 
tor anranged as a voltage pump driven 
by an oscillator 8 which may comprise a 
plurality of inverters connected via a 
ring, A further transistor (Q4) may be 
connected across transistors Q2 and 03 
(te between Vpo and capacitor plate 3) 
to limit the output voltage at a level 
equal to its threshold voltage above 
Vdd- 



MhldteseXr 
HA12Er. 



FIG. 4 




6 



Qi 



The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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ments thereof taken in conjunction with the accom- 
panying drawings. 

Brief descn'ption of the drawings 
5 Figure 7 is a sectional view of a pnor art single 
transistor storage cell; 

Figure 2 is a view simitar to Figure 1 which is used 
for the explanation of the write operation when a bit 
line is maintained at a tow level; 
10 Figure 3 \s a view also similar to Rgure 1 which is 
used for the explanation of the write operation when 
the bit line is maintained at a high level; 

Figure 4 is a schematic sectional view of a first 
embodiment of the present invention; 
15 Figure S\s a detailed diagram of an oscillator 
circuit shown in Rgure 4; 

Figure 5 is a schematic sectional view of the 
oscillator circuit shown in Figure 5 when it is formed 
on a chip of semiconductor; 
20 Figure 7 is a schematic sectional view of two 
transistors Q2 and Q3 and a capacitor of the oscillator 
circuitshown in Figure 5 when they are formed on 
the same chip shown in Figure 6; 
Figure 8 shows an output voltage characteristic of 
25 the cell plate voltage generating circuit of the first 
embodiment; 

Figure 9\sB schematic sectional view of a second 
embodiment of the present invention; 
Figure 10 is a schematic sectional view of a cell 
30 plate voltage generating circuit of the second embo- 
diment when it is formed on a chip of semicon- 
ductor; 

Figure 11 shows an output voltage characteristic 
of the cell plate voltage generating circuit of the 

35 second embodiment; 

Figure 12 shows the relationship between the 
power supply voltage Vqd and the voltage swing 
across a MIS capacitor in the single transistor 
Storage cell; and 

40 Figure 13 shows the relationship between the 
power supply voltage Vdd and the voltage of the 
signal derived with a differential sense amplifier 
which directiy detects the electric charge stored on a 
MIS capacitor. 

45 Same reference numerals are used to designate 
similar parts throughout the figures. 

Description of tf)e preferred embodiments 
Prior art. Figures 1 tfirougfj 3 

50 Rrst referring to Rgures 1 through 3, a prior art 
single transistor cell, the improvement of which is 
the object of the present invention, will be described. 
Rgure 1 shows the construction of a memory cell of 
an N-channel MIS FET. Over a P-type silicon subs- 

55 trate 1 is grown a silicon oxide film 2 on which is 
deposited or otherwise formed a memory cell plate 3 
which is a film of a metal such as molybdenum and 
which junctions as an electrode. Thus a charge 
storage MIS capacitor is provided. A MIS FET Qi is 

60 formed with N*** diffusion layers 6 connected to a 
word line 4 and a bit line 5 and the MIS capacitor. 

When a DC voltage is supplied to the memory 
plate 3, a "potential well" is fomied in the MIS 
capacitor. In order to write information, the bit line 5 

65 is raised to a high level or is lowered to a low level 



and the word line 4 is activated to a high potential so 
that the transistor Qt is turned on and electric charge 
is inplanted from the bit line 5 to the MIS capacitor, 
whereby the information "1 "or "0" is stored. The 
70 information "0" or "1" is stored by drawing the 
electric charge from the MIS capacitor to the bit line 
5. 

Rgure 2 shows the storage of information into the 
memory cell when the bit line 5 is maintained at a 

75 low level. The "potential well" below the diffusion 
layer 6 connected to the bit line 5 is shallow as 
compared with the "potential well" below the MIS 
capacitor so that the electric charge flows from the 
bit line 5 into the MIS capadtor and is stored on it 

80 Thus the information is stored in the memory cell. 
The lower the bit line 5, the more electric charge can 
migrate into the memory cell. Itfbllov/s, therefore, * 
that the bit line 5 is in general grounded. 
Rgure 3 shows the storage of information when 

85 the bit line 5 is maintained at a high level. The depth 
of the "potential well" below the diffusion layer 6 
connected to the bit line 5 is made equal to or the 
same as the depth of the "potential well" below the 
MIS capacitor so that all the electric charge stored on 

90 the MIS capacitor migrates into the bit line 5. 

Of a voltage applied to the memory cell plate 3, an 
effective amplitude voltage vkfhich serves to form a 
"potential well" is the difference between the vol- 
tage applied to the memory cell plate 3 and a MIS 

95 threshold voltage Vjh of the MIS capacitor. The 
voltage applied to the memory cell plate 3 will not 
exceed a Vdd* a supply voltage applied to the chip for 
the particular technology, and is equal to Vod at the 
maximum. As a result, the depth of the "potential 
100 well" below MIS capacitor is dependent upon a MIS 
capacitor voltage expressed by 



Vdd - Vth 

105 

and the maximum quantity of the stored charge is 
dependent upon the depth of the "potential well" 
created. In writing information, when the depth of * 

1 10 the "potential well" below the diffusion layer 6 is 
equal in depth to the "potential well" created by Vpo 
- Vto, then the "potential well" below the MIS 
capacitor can be emptied. It follows, therefore, that it 
suffices to raise the potential of the bit line 5 to a 

1 1 5 level higher than Vdd - Vjh- 

As described above, according to the prior art, 
even when the potential of the bit line 5 is swung 
fullyfrom GNDto Vod* the stored charge is limited 
byVDD-VTH. 

120 The present invention relates to a single transistor 
cell of the type described above and is characterized 
by the provision of a cell plate voltage generating 
circuit capable of generating a DC voltage higher 
than Vdd on a chip on which are arranged memory 

125 cells. 

First embodiment Figures 4 tfirough 8 

Rgure 4 shows the construction of a first embodi- 
ment of the present invention. An output terminal of 
130 a cell plate voltage generating drcuit 7 is connected 
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to the memory cell plate 3 of the memory cell. The 
cell plate voltage generating circuit 7 comprises an 
oscillator circuit 8, a capacitor 9 and two transistors 
Q2 and Q3 which are connected in series. An input 
5 terminal of the oscillator circuit 8 is connected to a 
power supply Vdd and an output terminal thereof is 
connected through the capacitor 9 to the junction 
between the series-connected transistors Q2 and Q3. 
The gate of the upper transistor Q2 is connected to 

10 the power supply Vqd and the gate of the lower 
transistor Q3 is connected to the junction between Q2 
and Q3. One end of the series-connected circuit is 
connected to the power supply and the other end, to 
the output terminal of the cell plate voltage generat- 

15 ing circuit 

Rgure 5 is a detailed diagram of the oscillator 
circuit 8 which is a ring oscillator consisting of a 
number of n (where n is an odd integer) stages of 
inverters each consisting of serie&-connected tran- 

20 sistors Qji and Qi2. The junction between the transis- 
tors Oil and Q{2 in the preceding inverter is con- 
nected to the gate of the lower transistor Q(i+i)2 of 
the succeeding inverter, and the junction between 
the transistors in the last stage inverter is connected 

25 to the gate of the lower transistor Qi2 of the first 
stage inverter. The upper ends of the inverters are 
connected to the power supply Vqd and the lower 
ends are grounded. 
Figure 6 shows the cross section of one Inverter of 

30 the oscillator circuit 8 which is formed on the same 
chip upon which are formed memory cells. Refer- 
ence numeral 1 denotes a P-type silicon substrate; 
10, 11 and 12 are diffusion layers or islands 
formed in the substrate or wafer 1 and serve as the 

35 source or drain regions of the transistors On and Qa'i 
13, a silicon oxide film; 14, a gate oxide film; 15 and 
16, polysilicon (POLY) gate electrodes of the transis- 
tors Oil and Q12, respectively; 17 through 20, tenriin- 
als of aluminium or the like. 

40 The terminal 17 is the upper end of the inverter 
and is connected to the source region 1 0 and the 
gate electrode 15 of the transistor Q;t is connected to 
the power supply Vdd- The terminal 18 which is the 
lower end of the inverter pair and is connected to the 

45 drain region 12 of the transistor Qi2 is grounded. The 
terminal 19 which is connected to the gate electrode 
of the transistor Qt2 is connected to the preceding 
inverter pair, and the terminal 20 which is connected 
to the region 1 1 which is the junction between the 

50 transistors Qfi and Qi2 is connected to the succeed- 
ing Inverter pair. 

Figure 7 shows in detail the cross section of the 
transistors Q2 and Q3 and the capacitor 9 of the cell 
plate voltage generating circuit 7. Reference numeral 

55 1 denotes a P-type silicon wafer; 21 through 24, N* 
diffusion layers or islands in the wafer 1 and the 
source or drain regions of the transistors Q2 and Q3; 
13, a silicon oxide film; 14, a gate oxide film; 25 and 
26, polysilicon gates of Q2 and Q3, respectively; 27, 

60 polysilicon, one of the end of the capacitor 9; and 28 
through 32, terminals of aluminium or the like. 

The terminal 28 which is connected to the source 
region and the gate electrode of the transistor Q2 is 
connected to the power supply Vdd- The terminal 29 

65 which is connected to the drain region 22 of the 



transistor Q2 is connected via the terminal 30 to the 
source region 23 and the gate electrode 26 of the 
transistor Q3 and is one end of the capacitor 9, The 
terminal 31 which is connected to the other electrode 

70 27 of the capacitor 9 is connected to the output 
terminal of the oscillator circuit 8. The output 
terminal 32 which is connected to the drain region 24 
of the transistor Q3 is connected to the cell plate 3. 
As is apparent from Figures 6 and 7, the cell plate 

75 voltage generating circuit 7 can be formed with MIS 
FETs and MIS capacitors with which the single 
transistor cell Is formed. In other words, the cell plate 
voltage generating circuit 7 can be fabricted with the 
same materials as the single transistor cell. Thus the 

80 integrated cell plate voltage generating circuit and . 
memory cell can be formed on the same chip. 

Next the mode of operation of the cell plate 
voltage generating circuit 7 will be described with 
reference to Figure 3. In response to the output 

85 signal from the oscillator circuit 8, the transistors Q2 
and Q3 are altemately turned on and off so that the 
electric charge is pumped from the power supply 
Vdd to the output terminal. As a result, a DC voltage 
is created at the output terminal, the magnitude of 

90 this DC voltage being depending upon the circuit 
parameters such as the amplitude of the output 
signal of the oscillator circuit 8. The DC output 
voltage becomes higher than the power supply 
voltage Vdd- 

95 The relationship between the output voltage V of 
the cell plate voltage generating circuit 7 and the 
power supply voltage Vdd is shown in Rgure 8. The 
power supply voltage Vdd is plotted along the 
abscissa and the output voltage from the cell plate 

100 voltage generating circuit 7 is plotted along the 
ordinate. The characteristic curve (a) indicates the 
voltage applied to the cell plate 3 when no cell plate 
voltage generating circuit is used. In this case, as 
described previously, the maximum voltage applied 

105 to the cell plate 3 is equal to the power supply 

voltage Vdd- When the cell plate voltage generating 
circuit in accordance with the present invention is 
integrated, the voltage higher than the power supply 
Vdd can be applied to the cell plate 3 as indicated by 

110 the characteristic curve (b). 

When the high DC output voltage from the cell 
plate voltage generating circuit 7 is applied to the 
memory cell plate 3, the depth of the "potential well" 
created below the MIS capacitor can be increased t>y 

115 a degree corresponding to the difference between 
the output voltage from the cell plate voltage 
generating circuit 7 and the power supply voltage 
Vdd- As a result, the electric charge stored on the MIS 
capacitor can be increased accordingly. In addition, 

120 the potential on the bit line 5 can be swung more 
widely in controlling the electric charge stored in the 
memory cell. When the output voltage from the cell 
plate voltage generating circuit 7 exceeds the sum of 
Vdd and Vth, the swing of the potential on the bit line 

125 from GND to Vdd can contribute very effectively on 
the control of the electric charge stored in the 
memory cell. As a consequence, the difference in 
terms of the stored electric charge between the 
information "0" and "1" can be made more disting- 

130 ulshed from each other so that the stable storage 
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operation can be ensured. 

It suffices to apply a voltage at a predetermined 
level to the memory cell plate 3 and it is not needed 
at all to supply a current to the plate so that the 
5 power consumption can be reduced. For instance, 
with a power supply voltage of 5 V, the power 
consumption is of the order of 5 mW. 

Second embodiment. Figures 9 through 13 

10 A second embodiment shown in Figure 9 is 
substantially similar in construction to the first 
embodiment shown in Rgure 4 exceptthat a transis- 
tor GU is added which functions as a voltage limitter 
circuit so as to prevent the output voltage from the 

15 cell plate voltage generating circuit 7 from rising 
above Vdd + Vth- It only suffic^ to swnng'the 
potential on the bit line 5 between GND and Vdd- In 
other words, it is not needed to apply a voltage 
higher than Vdd + Vth to the memory cell plate 3. 

20 The application of a higher voltage results in break- 
downs of the chip. 

While the voltage; that is, the output voltage from 
the memory cell voltage generating circuit 7 and the 
stability of this voltage are dependent upon the 

25 performance of the circuit 7 itself in the first 

embodiment the second embodiment is featured in 
thattheoutputvoltagefrom the cell plate voltage 
generating circuit 7 Is set to a level slightly higher 
than Vdd + Vth so that the voltage actually applied to 

30 the memory cell plate 3 can be stabilized at Vdd + 

Rgure 10 shows the cross section of the cell plate 
voltage generating circuit of the second embodi- 
ment which is substantially similar in construction to 

35 the first embodiment shown in Figure 7 except the 
addition of the transistor Q4. The transistor GL4 
comprises the gate oxide film 14, the source region 
33 and drain region 34 consisting of N**^ diffusion 
layers or islands, a polysilicon gate electrode 35 and 

40 conducting terminal or electrodes 36 and 37 of 
aluminium or the like. The terminal or electrode 36 
connected to the source region 33 of the transistor 
Q4 is connected to the source region and the gate 
electrode of the transistor OL2 and to the power 

45 supply source Vdd* The terminal or electrode 37 
which is connected to the drain region and the gate 
electrode 35 of the transistor Q4 is connected via the 
terminal or electrode 32 to the drain region of the 
transistor Q3 and to the cell plate 3. Since the 

50 transistor Q4 is MOS FET, it can be formed on the 
same chip. 

Rgure 1 1 shows the characteristic curve (c) of the 
cell plate voltage generating circuit of the second 
embodiment The curves (a) and (b), which have 

55 been explained already with reference to Figure 8 
are added for the sake of comparison. It is readily 
seen that as compared with the characteristic curve 
(b) of the first embodiment the curve (c) is closer to 
and parallel with the (a). This means that the output 

60 voltage from the circuit 7 is controlled at Vqd and Vth 
and applied to the memory cell plate 3. 

Next referring to Rgure 12, the mode of operation 
of the second embodiment of the present invention 
will be described in detail in comparison with a prior 

65 art memory cell. Figure 12 shows the relationship 



between the power supply voltage Vdd supplied 
from a single power supply to a semiconductor 
memory device and the amplitude of the voltage in a 
cell. In the following discussion, the power supply 
70 voltage is assumed to be 5 V. The prior art memory 
cell has a leakage loss of about 0.7 V, a loss of about 
one V corresponding to one a ray, a threshold 
voltage loss of about 1 V due to the MIS construction 
and a noise loss of about 0.6 V. As a result the 
75 amplitude of the voltage in the cell is about 1 .7 V. 
When the power supply voltage is decreased, the 
amplitude of the voltage within the cell becomes 
zero when Vdd is about 2.5 V so that no output signal 
can be derived from the prior art cell. This means 
80 that with the prior art cell, the lowering of the power 
supply voltage is limited. 

According to the second embodiment of the 
present invention, the cell plate voltage generating 
circuit 7 steps up the power supply voltage of 5 V by 
^ one volt which corresponds to the Vth loss, to 6 V ' 
which in turn is applied the memory cell plate 3. 
Thus the threshold loss is compensated for. As a 
result the amplitude of the voltage in the cell 
becomes about 2.6 V, which is about 1 60% as high as 
90 that of the prior art memory cell. Sut>sequentiy, at 
the power supply voltage of about 2.5 V at which the 
prior art memory cell cannot operate as described 
previously, the amplitude of about 1 V can be 
obtained. This means that the present invention can 
95 lowerthe powersupplyvoltage.lt is obvious that 
when the cell plate voltage generating circuit 7 steps 
up the power supply voltage by a voltage higher 
than VtHr the voltage amplitude can be further 
increased so that the power supply voltage can be 

1 00 lowered. The ratio of o ray loss against the ampli- 
tude of the voltage in the cell can be lowered 
because of the compensation for the threshold 
voltage loss. 
When the electric charge stored on the MIS 

1 05 capacitor with the voltage swing in the cell described 
above is detected by a differential sense amplifier, 
the sensed signal voltage becomes 1/10 of the 
voltage amplitude in the cell which is dependent 
upon the ratio in capacitance between the bit line • 

110 and the MIS capacitor. The relationship between the 
signal voltage Vstg and the power supply voltage 
Vdd is shown In Rgure 13. Since the power supply : 
voltage of 5 V fluctuates by ± 10%, the present 
invention is compared with the prior art at the power 

115 supply voltage of 4.5 V. 4.5 V is the widest fluctuation 
from the power supply voltage Vdd of 5 V when the 
fluctuation in reference voltage and threshold vol- 
tage of the transistor are taken into consideration 
when the fluctuation of the power supply voltage is 

120 about 10%. Then the signal voltage amplitude of the 
prior art is about 56 mV, but that of the present 
invention is about 97 mV which is about 70% higher 
than the former. The prior art cannot detect the 
signal voltage when the power supply voltage is less 

1 25 than 3 V because of the fluctuation in threshold 
voltage of the transistor, but the present invention 
can detect the signal voltage of about 50 mV even at 
the same power supply voltage of 3.5 V. 
According to the present invention, a higher signal 

130 voltage can be detected as compared with the prior 
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SPECIRCATION 

Semiconductor memory device 

5 Background of the invention 

The present invention relates to a semiconductor 
memory device. 

Various types of semiconductor memory devices 
have been devised and improved in order to attain 

10 higher density, higher speed and higher reliability. In 
the MOS random access memory (MOS RAM), one 
memory cell consists of a single transistor storage 
cell consisting of one MIS FET (Metal-Insulated 
Semiconductor Field-Effect Transistor) and one MIS 

15 capacitor. Such single transistor cell semiconductor 
. memory device is disclosed in detail in, for instance, 
IEEE Joumal of Solid-State Circuits, Vol. SC-7. No. 5, 
Oct 1972. The single transistor cell semiconductor 
. memory devices now dominate the MOS RAM 

20 market because a minimum number of parts are 
used and subsequently a higher degree of packaging 
density can be attained. 

In the conventional single transistor cell of the 
type described above, a voltage applied to a memory 

25 cell plate will not exceed a power supply voltage Vqd 
applied to a chip of semiconductor and is equal to 
Vdd at the maximum. As a result, the depth of a 
"potential well" created by a MIS capacitor is 
dependent upon a voltage swing across the MIS 

30 capacitor; tthat is the difference between Vdd and a 
MIS threshold voltage Vth. i-e-* Vdd - ^iw The 
maximum electric charge storable on the MIS capa- 
citor is then dependent upon the depth of the 
"potential well" created. 

35 The read operation of the single transistor cell is 
accomplished by directly sensing the electric charge 
stored on the MIS capacitor. It follows, therefore, 
that the higher the electric charge stored on the MIS 
capacitor, the more stable the read and write 

40 operations t>ecome. The maximum value of the 
electric charge stored on a MIS capacitor is depen- 
dent upon the capacitance of this capacitor and a 
swing or change in amplitude of a voltage applied 
thereacross. 

45 In orderto attain a higher packaging density of 
MOS RAM, the surface area of each memory cell 
must be reduced and consequently the area occu- 
pied by each MIS capacitor must be decreased. An 
unavoidable result is then the reduction In capaci- 

50 tance of MIS capacitors. In addition, in orderto avoid 
the electrical breakdowns of insulating films, the 
power supply voltage must be lowered. However, 
the lowering of the threshold voltage Vjh of the MIS 
capacitor in proportion to the lowering of the power 

55 supply voltage Vdd is difficult because of the fluctua- 
tion in performance and characteristics of circuits. 
As a result, as the power supply voltage Vdd of MOS 
RAM Is lowered with increase in packaging density, 
the ratio of the threshold loss in the swing or change 

60 in amplitude of a voltage applied across a MIS 
capacitor suddenly rises with the resultant decrease 
of a voltage swing across the capacitor. 

Thus the attempts for increasing the packaging 
density of single transistor storage cell memory 

65 devices result in the decrease not only in the 



capacitance of MIS capacitors but also in the voltage 
swing across them, of vtrhich decrease in tum results 
in the reduction in electric charge stored on the MIS 
capacitor. However, for the stable and reliable read 

70 operation, sufficient electric charge must be stored. 
Thus there has been a limit to the increasing the 
packaging density of MOS RAM. In addition, when 
the stored electric charge is reduced, the soft error 
due to the a ray generated from packaging media 

75 will adversely affect the signal voltage. As a result, it 
becomes further difficult to provide the highly 
reliable semiconductor memory devices. Furth- 
ermore, in orderto read out a small quantity of 
stored electric charge, a sense amplifier with a 

' 80 higher degree of sensitivity is needed, but the 
increase in sensitivity is again limited by the circuit 
arrangements. 

In summary, it has t>een extremely difRcultto 
provide a single transistor storage cell type semicon- 

85 ductor memory device which has a higher degree of 
packaging density and a higher degree of reliability. 

Summary of the invention 
In view of the at>ove, one of the objects of the 
90 present invention is to provide an improved semi- 
conductor memory device which has a higher de- 
gree of packaging density and is highly reliable and 
dependable in operation. 
Another object of the present invention is to 
95 provide an improved semiconductor device which 
can operate in a satisfactorily stable manner even at 
a low power supply voltage. 

A further object of the present invention is to 
provide an improved semiconductor memory device 
100 in which voltage step-up circuits, which are highly 
compatible with single transistor storage cells in the 
fabrication process, are formed on the same chip of 
the storage cells so that the electric charge stored on 
each MIS capacitor can be increased, the resistance 
105 to soft errors can be improved and highly reliable 
operations can be ensured. 

A yet another object of the present invention is to 
provide an improved semiconductor memory device 
which needs not a high-sensitivity sense amplifier 
110 for the read operation. 

To the above and other ends, briefly stated, the 
present invention provides a semiconductor mem- 
ory device of the type In which a storage cell is a MIS 
capacitor defined by a semiconductor substrate, an 
115 insulating film formed over the semiconductor subs- 
trate and a memory cell plate which is formed over 
the insulating film and is an electrode, said semicon- 
ductor memory device being characterized by the 
provision of a cell plate voltage generating circuit 
120 which is also formed on the semiconductor subs- 
trate and adapted to supply a DC voltage higher than 
a power supply voltage Vdd supplied to the semicon- 
ductor memory device. 
The present invention is further characterized in 
125 the provision of a voltage llmitter circuit for limiting 
the output voltage from the cell plate voltage 
generating circuit 

The above and other objects, effects and features 
of the present invention will become more apparent 
130 from the following description of preferred embodi- 
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art semiconductor memory devices so that it is not 
needed at alt to devise a sense amplifier having a 
higher degree of sensitivity than the conventional 
one. 

5 As described previously, as compared with the 
prior art, the present invention can increase the 
signal voltage by about 70%. It follows, therefore, 
that when the desired signal voltage may be equal to 
the signal voltage derived by the prior art, the 

10 electric charge stored on the MIS capacitor can be 
decreased and consequently the capacitor surface 
area can be decreased accordingly. More specifically 
the surface area of the capacitor can be decreased by 
about 40% as compared with the prior art Thus the . 

15 present invention provides semiconductor memory 

• devices in an extremely higher degree of packaging 
density. Even when the cell plate voltage generating 
drcuit is taken into consideration, the semiconductor 

* memory device can be reduced in size by more than 
20 1 0% as compared with the prior art memory device. 

So far the present invention has been described in 
conjunction with MOS l=ET, but it is to be understood 
that the present invention may be equally applied 
with other types of MIS transistors. The oscillator 

25 circuit 8 of the cell plate voltage generating circuit 
has been described as consisting of the ring oscilla- 
tor, but it is understood that any other conventional 
oscillator such as the RC oscillator may be used. 
The cell plate voltage generating circuit in both the 

30 first and second embodiments has been described 
as consisting of a unit comprising one oscillator 
circuit, one capacitor and two series-connected 
transistors, but it is to be understood that a plurality 
of such units may be connected in parallel so as to 

35 provide a cell plate voltage generating circuit 
In the second embodiment the voltage limttter 
circuit has been described as comprising one MIS 
FFT, but it is to be understood that a PN junction with 
an equivalent threshold value may be used. 

40 

CLAIMS 

1 . A semiconductor memory device of the type 
comprising: 

45 a semiconductor substrate, 

an insulating film formed over said semiconductor 
substrate, and 

a memory cell plate which is formed over said 
insulating film and functions as a conducting elec- 
50 trode, 

whereby a MIS capacitor is provided and the 
amount of electric charge stored on said MIS 
capacitor represents a stored information, 

characterized by the provision of 
55 a cell plate voltage generating circuit formed on 
said semiconductor substrate and adapted to gener- 
ate a DC voltage higher than a power supply voltage 
supplied to said semiconductor memory device, the 
output terminal of said cell plate voltage generating 
60 circuit being connected to said memory cell plate. 

2. A semiconductor memory device as defined in 
Claim 1 further characterized in that 

said cell plate voltage generating circuit comprises 
an oscillator circuit; 
65 a pumping circuit; 



the power supply terminal of said oscillator circuit 
being connected to a power supply source; and 

the output terminal or electrode of said pumping 
circuit being connected to the output terminal of said 
70 cell plate voltage generating circuit while a power 
supply terminal of electrode being connected to said 
power supply source. 

a A semiconductor memory device as defined in 
Claim 2 further characterized in that 
75 said pumping circuit comprises 
at least one capacitor; 
at least two transistors connected in series; 
the output terminal of said oscillator circuit being 
connected via said capacitor to the junctign betw 
80 said transistors; 

the gate of one of said transistors being connected 
to said power supply source; 

the gate of the other transistor being connected to 
said junction between said two transistors; and 
85 one end of the series circuit of said two transistors 
being connected to said power supply source while 
the other end thereof being connected to the output 
terminal of said cell plate voltage generating circuit 
4 A semiconductor memory device as defined in 
90 Claim 2 further characterized in that 

said oscillator circuit comprises a ring oscillator. 
5. A semiconductor memory device as defined in 
Claim 2 further characterized in that 
said oscillator circuit is an RC oscillator. 
95 6. A semiconductor memory device as defined in 
Claim 2 further characterized in that 

said cell plate voltage generafting circuit further 
comprises: 
a voltage limiting circuit 
1 00 7. A semiconductor memory device as defined in 
Claim 6 further characterized in that 

said voltage limitter circuit comprises at least one 
MIS transistor, one end of which is connected to said 
power supply source and the other end and gate 
105 electrode of which are connected to said memory 
cell plate. 

8. A semiconductor memory device as defined in 
Claim 6 further characterized in that 

said voltage limitter circuit comprises a PN junc- 
110 tion, 

9. A semiconductor memory device, substantial- 
ly as hereinbefore described, by way of example, 
with reference to the accompahying drawings. 
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